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FOURTH SUPPLEMENTAL APPEAL BRIEF 


Sir: 


Responsive to the Notification of Non-Compliant Appeal Brief mailed on June 28, 
2007, Appellants submit this Fourth Supplemental Appeal Brief to comply with 37 CFR 

41 .37. 

REAL PARTY IN INTEREST 

Eaton Corporation, as Assignee of the entire interest of the present application, is 
the real party in interest. 


RELATED APPEALS AND INTERFERENCES 

A prior Appeal for this case was assigned Appeal No. 2006-3187 on September 
13, 2006. The Board issued a Remanding Order for Appeal No. 2006-3187 (attached as 
Appendix B) on March 22, 2007 r and requested submission of a subsequent Appeal Brief 
from Appellants. 

There are no other related appeals or Interferences which will directly affect or be 
directly affected by or have a bearing on the Board's decision in the pending appeal. 
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STATUS OF THE CLAIMS 

Claims 1 through 26 have been cancelled. 

Claims 27 through 31 stand finally rejected and are being appealed. A listing of all 
of the claims and their current status is included in the Claims Appendix. 


STATUS OF AMENDMENTS 

Appellants filed an amendment under 37 CFR 1.1 16 on January 5, 2005 to make 
corrections suggested by the Examiner. The Examiner entered the Amendment in an 
Advisory Action dated January 26, 2005, but left the status of the claims unchanged. 

SUMMARY OF CLAIMED SUBJECT MATTER 

Independent claim 27 is directed to an electrically controlled mirror assembly for 
a motor vehicle. The assembly includes a mirror housing having a build-up element 1 
that defines a hollow 3 and that has a reinforcing element molded therein (Figures 1 
and 2; page 7, lines 27-33). A base or support 7 supports the build-up element 1 wfth a 
electromechanical means, such as a motor 9, that folds or rotates the mirror housing 
relative to the support (Figure 3; page 8, lines 10-24). The electromechanical means 
also can adjust a mirror plate 22 relative to the housing (Figure 3; page 7, lines 29-33). 
An electrically operable means, such as an electronics unit 2, may be included to direct 
current through cores 17, 18, 19, 20 ( 21 to control an ancillary component, such as 
lighting from a puddle light 33 ( mirror heating, and/or electrochrome dimming (Figures 2 
and 3, page 9. lines 16-23). An electronics unit is disposed in the hollow 3 to control 
energization of the electromechanical means (Figure 3; page 9, lines 23-35). 

Independent claim 31 is directed to a method of making an electrically controlled 
mirror by providing a support 7, forming a mirror housing with a single build-up element 1 
having a hollow 3 and a reinforcing element, mounting the housing on the support and a 
mirror on the housing, disposing an electromechanical drive means 9 in the housing for 
moving the housing and the mirror, and disposing an electronics unit in the hollow for 
controlling movement of the mirror housing on the support and movement of the mirror on 
the housing. 
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GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

(1) Claims 27-30 stand rejected under 35 U.S.C. 103(a) as being obvious over U.S. 
Patent No. 5,990,999 to Huizenga et al. ("Huizenga") in view of U.S. Patent No. 
6,247,823 to Fuerst et al. ("Fuerst"). 

(2) Claim 31 stands rejected under 35 U.S.C. 103(a) as being obvious over Huizenga 
in view of Fuerst. 

ARGUMENT 

(1) Claims 27-30 are patentable under 35 USC 103(a) over Huizenga and Fuerst 

The Examiner rejected claims 27-30 as being unpatentable over Huizenga and 
Fuerst The Examiner asserted that "the molded conducting strips taught by HuFzenga will 
inherently provide a degree of reinforcement to the build-up element, thus satisfying the 
claimed limitation' 1 (Final Rejection, p. 4). Appellant respectfully disagrees. 

'The fact that a certain result or characteristic may occur or be present in the prior 

art is not sufficient to establish the inherency of that result or characteristic In relying 

upon the theory of inherency, the examiner must provide a basis in fact and/or technical 
reasoning to reasonably support the determination that the allegedly inherent 
characteristic necessarily flows from the teachings of the applied prior art. " MPEP 21 12. 

In this case, the examiner has not provided any reasoning or evidence showing 
that the electrical leads 68, 70, 72, 74 formed on the housing member 19 In Huizenga 
necessarily Increase the strength and rigidity of the housing element 19. As Is known in 
the art, thin metal conductors, such as wires, are often flexible and not rigid. Moreover, as 
shown in Figures 8 and 9, the materia! used for the housing 19 may be made thinner to 
accommodate the thickness of the electrical leads 74, thereby potentially reducing the 
strength of the housing 1 9. At best, the housing 1 9 acts as a stiffening support for the 
leads 68, 70, 72, 74, not the other way around (see, e.g., col. 7, lines 38-55). 

In the Examiner's Answer dated November 22, 2005, the Examiner argued that 
when brass or copper conductors are molded into an element as taught by Huizenga, the 
higher tensile strength of the metal in the conductors will inherently provide some 
measure of increased rigidity and strength along at least one dimension of the housing 
element 19 (p. 7). Appellant respectfully disagrees. 

The Examiner correctly noted that one embodiment of the claimed invention (i.e., 
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claim 28) recites the reinforcing elements as being conductive strips. However, contrary 
to the Examiner's assertion, this does not automatically mean that incorporating metal 
strips in a plastic member will reinforce the member. The specification notes that, In one 
embodiment, the strip shaped conductor is folded over more than once and in different 
ways, depending on where it is located in the build-up element, to increase the rigidity 
and strength of the element (page 7, lines 16-28). Thus, it is clear that a metal conductor 
cannot be considered a reinforcement element solely because ft has a higher tensile 
strength than plastic. 

The Examiner appears to use the terms "tensile strength" and "rigidity* 
interchangeably when they clearly refer to different material characteristics. As is known 
in the art, a material with a high tensile strength may stretch and deform a great deal 
before breaking (i.e., have high ductility, and therefore low rigidity). A high tensile strength 
material can easily have less rigidity than a lower tensile strength material, particularly if it 
is a ductile material like copper or another conductive metal. Thus, a material with a high 
tensile strength does not necessarily mean that It can also increase the rigidity of a 
material having a lower tensile strength. Applicant has attached Appendix B to support 
these assertions. Appendix B explains how high tensile strength corresponds with high 
ductility and how ductility and rigidity are opposing characteristics. 

Col. 7 f lines 51-55 in Huizenga explains that molding the leads 68, 70, 72, 74, the 
wires 84, 84 and 88, and their connections 92 in the housing 19 eliminates vibrations that 
could potentially jeopardize a conventional connection (which would flex and move 
without the support of the housing 19), This interpretation is consistent with the fact that 
the higher tensile strength (and resulting greater flexibility) of the conductors require the 
support of the stiffer housing 19 to ensure that vibrations do not flex the wires and break 
the connections 92. 

The simple fact that Huizenga shows conductors on a housing, without more, 
cannot render the claimed invention obvious. The Examiner has not shown that placing 
electrical leads made of high tensile strength material on an element necessarily 
increases the rigidity and strength of that element, particularly when a high tensile 
strength material 
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stretched into a wire is so inherently flexible and can be so soft that rt adds nothing to the 
rigidity of the housing. Nothing in Huizenga indicates that the electrical leads add any 
rigidity or strength of the housing 19. Instead, Huizenga clearly shows the opposite, that 
the leads need the rigidity of the housing 19 to protect them from damage due to 
vibrations. At best, the rigidity and strength of the housing 19 is dictated by the housing 
material, with the leads having virtually no effect on the rigidity of the housing. Thus, the 
metal leads in Huizenga do not teach or suggest the claimed reinforcing element. 

The Examiner also admitted that Huizenga does not disclose the claimed 
electromechanical means or the claimed electronics unit, but argued that it would have 
been obvious to include an electronics unit in a hollow of a mirror-build-up element as 
taught by Fuerst to protect the electronics unit The Examiner also clarified that Fuerst is 
relied upon for teaching a printed circuit board. Appellant thanks the Examiner for the 
clarification. Appellant notes that adding Fuerst to Huizenga still fails to render the 
claimed invention obvious because Fuerst does not show a reinforcement insert at all. 
Because neither Huizenga nor Fuerst shows the claimed reinforcement element insert in 
the build-up element, the final rejection of claims 27-30 should be withdrawn. 

(2) Claim 31 is patentable under 35 USC 103(a) over Huizenga and Fuerst 
Independent method claim 31 recites steps that include insert molding a 
reinforcement in the build-up element of the mirror housing, disposing an 
electromechanical drive means on the mirror housing, and disposing an efectronics unit 
in a hollow in the mirror housing. As explained above, neither Huizenga nor Fuerst 
disclose incorporating a reinforcement element of any kind into a mirror assembly, and 
there is no motivation to combine Huizenga with Fuerst. The final rejection of claim 31 is 
therefore improper and should be withdrawn. 
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Accordingly, it is requested that the Board reverse the Examiner's rejection and 
allow the claims to be issued. 


Dated: 07/25/2007 


Respectfully submitted, 



Anna M. shih 


Registration No. 36,372 
Eaton Corporation 
26201 Northwestern Hwy. 
P. O. Box 766 
Southfield, Ml 48037 
(248) 226-6821 
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CLAIMS APPENDIX 

1. (Cancelled) An electrically controlled mirror for a motor vehicle, provided with a 
support to be mounted on a vehicle for a mirror housing having a mirror plate movable In 
said mirror housing and electromechanical means for adjusting the mirror housing 
relative to the support and the mirror plate relative to the mirror housing, and with any 
means for accommodating one or more other functions, such as mirror heating, 
electrochrome dimming of light falling on the mirror plate, various lighting functions, 
remote control means, etc. in the mirror housing, characterized In that the mirror housing 
comprises one single build-up element on which said means are provided, in which build- 
up element a reinforcement element is provided for Increasing the rigidity and strength of 
the build-up element. 

2. (Cancelled) An electrically controlled mirror according to claim 1 , characterized 
in that the build-up element forms one whole and is manufactured from a plastic, the 
reinforcement element being made of metal and insert-molded, in wholly or partially 
folded condition, in the plastic build-up element. 

3. (Cancelled) An electrically controlled mirror according to claim 2, characterized 
in that the reinforcement element forms a multi-core electric conductor for the functions to 
be realized in the mirror housing by said means. 

4. (Cancelled) An electrically controlled mirror according to any one of the 
preceding claims, characterized in that the build-up element has a space in which an 
electronics unit for controlling the various functions is accommodated. 

5. (Cancelled) An electrically controlled mirror according to any one of the 
preceding claims, characterized in that the build-up element has a space for the means 
for adjusting the mirror plate relative to the mirror housing. 

6. (Cancelled) An electrically controlled mirror according to any one of the 
preceding claims, characterized In that the build-up element has one space for both the 
electronics unit for controlling the various functions and the means for adjusting the 
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mirror plate relative to the mirror housing. 

7. (Cancelled) An electrically controlled mirror according to any one of the 
preceding claims, characterized in that the build-up element has a space in which, In 
cooperation with a space in a mounting base element in the support, the means for 
adjusting the mirror housing relative to the support are accommodated. 

8. (Cancelled) An electrically controlled mirror according to any one of the 
preceding claims, characterized in that the build-up element has one or more further 
spaces for lighting means. 

9. (Cancelled) An electrically controlled mirror according to any one of the 
preceding claims, characterized in that the electric conductor comprises an Input 
conductor with two feed lines and at least one data line. 

10. (Cancelled) An electrically controlled mirror according to claim 9, characterized 
in that over the data line or lines, digital serial information is passed on multiplex basis 
from the vehicle to the electronics unit and control signals are provided by this electronics 
unit over relevant cores in the electric conductor for controlling the various components in 
the mirror housing. 

1 1 . (Cancelled) An electrically controlled mirror according to any one of the 
preceding claims, characterized in that via the space in the mounting base element in the 
support, the cable work of the mirror can be connected from the vehicle to the electric 
conductor integrated into the build-up element. 

12. (Cancelled) An electrically controlled mirror according to claim 1 1 , characterized 
in that the connection of the cable work from the vehicle to the electric conductor extends 
through the shaft via which shaft the mirror housing can rotate relative to the support on 
the vehicle. 

1 3. (Cancelled) An electrically controlled mirror according to claim 1 2, characterized 
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in that in said shaft a connector is provided to which the cable work from the vehicle is 
connected and that the electric conductor comprises a plug which, when the build-up 
element is being slid over the* mounting base element, is plugged into the connector. 

1 4. (Cancelled) An electrically controlled mirror according to claims 5 and 6> 
characterized in that the means for adjusting the mirror plate relative to the mirror 
housing are provided on a mounting plate and that the space for these means comprises 
projecting, pin-shaped parts which form one whole with the build-up element and on 
which the mounting plate can be secured by a clip connection. 

1 5. (Cancelled) An electrically controlled mirror according to claim 14, characterized 
in that the clip connection is obtained by a clip fixedly provided on the mounting plate. 

1 6. (Cancelled) An electrically controlled mirror according to claim 1 4 t characterized 
in that the pin-shaped parts comprise a widened portion and, adjacent the free end, a 
narrowed portion, the mounting plate which has been slid over the narrowed portion 
being clamped between the top edge of said widened portion and a cover element 
present for the driving means for adjusting the mirror plate, which driving means are to be 
provided on the mounting plate, the cover element being secured by a clip connection. 

17. (Cancelled) An electrically controlled mirror according to claim 16, characterized 
in that the clip connection is obtained by a clip fixedly provided on the cover element 

1 8. (Cancelled) An electrically controlled mirror according to any one of claims 1 4- 
17, characterized in that the electronics unit for controlling the various functions is 
provided on the mounting plate. 

1 9. (Cancelled) An electrically controlled mirror according to claim 1 4, characterized 
in that at least a part of the electronics of the electronics unit is located on the other side 
of the mounting plate where the means for adjusting the mirror plate relative to the mirror 
housing are provided. 


3 


PAGE 9/30 * RCVD AT 712512007 2:31:34 PNI [Eastern Daylight Time] * SVR:USPTO-EFXRF-5/20 * DNIS:2738300 * CSID:2482266825 * DURATION (mm-ss):03-12 


07-25-07; 14:30 ; IC-Patent Department 


815712738300—392:2482266825 


# 10/ 30 


98-IKU-837 

20* (Cancelled) An electrically controlled mirror assembly for a motor vehicle 
comprising: 

(a) a support adapted for mounting on a vehicle; 

(b) a mirror housing moveably associated with said support; 

(c) a mirror plate moveably associated with said housing; 

(d) electromechanical means operable upon energization for adjusting said 
housing relative to said support and said mirror plate relative to said 
housing; and, 

(e) means operable upon electrical energization for performing ancillary 
function, wherein said mirror housing comprises one piece element 
formed of non-conductive material with reinforcing elements insert 
molded therein and defining a hollow; and, 

(f) an electronics unit received in said hollow for controlling said 
energization. 

21 . (Cancelled) The assembly defined in claim 20, wherein said reinforcing 
elements comprise electrically conductive strips. 

22* (Cancelled) The assembly defined in claim 20, wherein said electronic unit 
includes a printed circuit board. 

23. (Cancelled) The assembly defined in claim 20, wherein said one-piece 
element includes pin-shaped portions; and, said means for adjusting the mirror 
plate relative to the housing includes a mounting plate secured to said pin- 
shaped portions. 

24. (Cancelled) The assembly defined in claim 20, wherein said support includes 
a mounting base having a hollow shaft adapted for having electrical cables pass 
therethrough. 
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25. (Cancelled) A method of making an electrically controlled mirror for a motor 
vehicle comprising; 

(a) providing a support; 

(b) forming a one-piece mirror housing of non-conductive material and insert 
molding electrically conductive reinforcement strips therein and forming a 
hollow therein; 

(c) moveably mounting the housing on the support and moveably mounting a 
mirror on the housings 

(d) disposing electromechanical drive means on said housing and moving 
the mirror; and, 

(e) disposing an electronics unit in said hollow for controlling the moving. 

26. (Cancelled) The method defined in claim 25, wherein said step of forming a 
one-piece housing includes molding plastic. 

27. (Rejected and appealed) An electrically controlled mirror assembly for a motor 
vehicle comprising: 

(a) a support adapted for mounting on a vehicle; 

(b) a mirror housing moveably associated with said support comprising a 
single build-up element formed of non-conductive material with a 
reinforcing element insert molded therein for increasing the rigidity and 
strength of the build-up element, said build-up element defining a hollow; 

(c) a mirror plate moveably associated with the housing; 

(d) electromechanical means operable upon energization for adjusting said 
housing relative to said support and for adjusting said mirror plate relative 
to said housing; 

(e) means operable upon electrical energization for performing an ancillary 
function; and, 

(0 an electronics unit received in said hollow for controlling said energization 
for said adjusting. 
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28. (Rejected and appealed) The assembly defined in claim 27, wherein said 
reinforcing elements comprise electrically conductive strips. 

29. (Rejected and appealed) The assembly defined in claim 27, wherein said 
electronic unit includes a printed circuit board, 

30. (Rejected and appealed) The assembly defined in claim 27, wherein said 
support includes a mounting base having a hollow shaft adapted for having 
electrical cables pass therethrough. 

31. (Rejected and appealed) A method of making an electrically controlled mirror for 
a motor vehicle comprising: 

(a) providing a support; 

(b) forming a mirror housing comprising a single build-up element of non- 
conductive material and insert molding therein a reinforcement for 
increasing rigidity and strength of the build-up element; 

(c) forming a hollow in said build-up element; 

(d) mounting the housing on the support for movement thereon and 
mounting a mirror on the housing for movement thereon; 

(e) disposing electromechanical drive means on said housing for effecting 
said movement; and, 

(f) disposing an electronics unit In said hollow for controlling the movement 
of said mirror housing on said support and the movement of said mirror 
on said housing. 
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EVIDENCE APPENDIX 

Applicant has not submitted any evidence under 37 CFR §§ 1.130, 1.131, or 
1 .1 32 in this application. 
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RELATED PROCEEDINGS APPENDIX 

This case was previously appealed. Appellants filed an Appeal Brief on August 
5, 2005, and the Examiner responded with an Examiner's Answer on November 22, 
2005. The Board issued a Remanding Order on January 26, 2007, a copy of which is 
attached as Appendix A. There are no other decisions that will affect or be affected by 
the outcome of this appeal. 


1 


PAGE 14/30 ' RCVD AT 7/25/2007 2:31:34 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/20 * DNIS:2738300 * CSID:2482266825 * DURATION (mm-ss):03-12 


07-25-07:14:30 ; IC-Patent Department 


815712738300— 


392:2482266825 


#15/30 


98-IKU-837 


APPENDIX A 
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The opinion in support of the decision being entered today was not written 
for publication and is not binding precedent of the Board. 


UNITED STATES PATENT AND TRADEMARK OFFICE 


BEFORE THE BOARD OF PATENT APPEALS 
AND INTERFERENCES 


Ex parte Onno Dirk Oenema, Paul Wessel Post, and 
Marco Raymond Maria Nijmeijer 


Appeal No. 2006-3187 
Application No. 09/83 1 ,334 


ON BRIEF 


Before DIXON, BARRY, and SAADAT, Administrative Patent Judges. 
DIXON, Administrative Patent Judge. 

ORDER REMANDING TO THE EXAMINER 

This is an Order remanding this application to the Examiner. From 
our initial review of the application and prosecution history, we note a 
number of items and issues that need to be addressed and clarified by 
Appellants and the Examiner prior to our decision on the merits. 
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First, we note that Appellants' Brief is non-compliant with respect to 
37 CFR 41.37(c)(l)(v) Summary of claimed subject matter. With respect to 
independent claim 27, Appellants state: 

Independent claim 27 is directed to an electrically controlled mirror 
assembly for a motor vehicle. The assembly includes a mirror housing 
having a build-up element 1 that defines a hollow 3 and that has a 
reinforcing element molded therein (Figures 1 and 2; page 7, lines 27- 
33). A base or support 7 supports the build-up element 1 with a 
electromechanical means, such as a motor 9, that folds or rotates the 
mirror housing relative to the support (Figure 3; page 8, lines 10-24). 
The electromechanical means also can adjust a mirror plate 22 relative 
to the housing (Figure 3; page 7, lines 29-33). An electronics unit is 
disposed in the hollow 3 to control energization of the 
electromechanical means (Figure 3; page 9, lines 23-35). 

Claim 27 recites: 


27. An electrically controlled mirror assembly for a motor vehicle 
comprising: 

(a) a support adapted for mounting on a vehicle; 

(b) a miiTOr housing moveably associated with said support 
comprising a single build-up element formed of non-conductive 
material with a reinforcing element insert molded therein for 
increasing the rigidity and strength of the build-up element, said 
build-up element defining a hollow; 

(c) a mirror plate moveably associated with the housing; 

(d) electromechanical means operable upon energization for 
adjusting said housing relative to said support and for adjusting 
said^mirror plate relative to said housing; 

(e) means operable upon electrical energization for performing 
an ancillary function; and, 

(f) an electronics unit received in said hollow for controlling 
said energization for said adjusting. 

We note that Appellants' brief is silent as to the corresponding 
structure acts or materials for performing function "(e) means operable upon 
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electrical energization for performing an ancillary function." Therefore, 
Appellants' brief is non-compliant and a new brief is required. Therefore, 
the Examiner should require a new brief with a correct Summary of the 
claimed subject matter. 

As an additional note from our cursory review of Appellants' 
specification, we note that the specification seems to only describe the 
structures for performing ancillary functions in terms of "means" rather than 
an actual structure which would perform the function. We leave it to the 
Examiner to further consider, after Appellants identify the corresponding 
structure, acts and materials in the specification, whether this disclosure is 
sufficient under 35 U.S.C. § 1 12, First and Second Paragraphs with the 
recited "(e) means operable upon electrical energization for performing an 
ancillary function." The Examiner is required to take appropriate action as 
needed. 

Any subsequent brief submitted by the appellants should be self- 
contained with respect to all arguments. No prior brief should be referenced 
or incorporated therein. Similarly, any subsequent Examiner's Answer 
should be self-contained with respect to all rejections and arguments; no 
prior answer or Office action should be referenced or incorporated therein. 

Because it is being remanded for further action, the application is a 
"special" application. M.P.E.P. § 708.01(D). Accordingly, it requires 
immediate action. Furthermore, the Board should be informed promptly of 
any action affecting status of the appeal (e.g., abandonment, issue, reopening 
prosecution). 
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Appeal No. 2006-3187 
Application No. 09/831,334 

Accordingly, it is 

ORDERED that the application is returned to the examiner to: 

(1) The Examiner should notify Appellants of the non-compliant Brief 
and require submission of a Brief in compliance with 37 CFR 41 .37; 

(2) the Examiner is required to consider Appellants' compliance with 
35 U.S.C. § 1 12, First and Second Paragraphs, in light of the identification 
of corresponding structure; and 

(3) for such further action as may be appropriate. 


JOSEPH L.DIXON 
Administrative Patent Judge 


Administrative Patent Judge 


) 
) 
) 



) BOARD OF PATENT 
) APPEALS 
) AND 
) INTERFERENCES 



MAHSHTJD D. SAADAT ) 
Administrative Patent Judge ) 


JLD/rwk 
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Eaton Corporation 
Eaton Centre 
1111 Superior Avenue 
Cleveland, OH 441 14-2584 
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Preferences 



Bus^S Entertainmeat Games Health Efiflple Places Ref erence ScifiD.ce Shopping Words Mf*| 

On this pa$e: 
(Dictionary jgf 

tensile strength 


IJiclianacy 

tensile strength 
n. {Abbr. TS) 


The resistance of a material to a force tending to tear it apart, measured as the maximum tension the 
material can withstand without tearing. 


ASTM Standards - Download 

Techstreet sells over 15,000 ASTM standards for immediate download. 
www.techstreet.com/1nfo/astm.html 

Tensile Strength 

Search Test a Measurement Vendors- Compare Product Specifications 
www, globalspec.com 


w 


WatdJttet 

Note: click on a word meaning below to see Its connections and related words. 

The noun tensile strength has one meaning: 

Meaning #1 : the strength of material expressed as the greatest longitudinal stress it can bear without tearing 
apart 


SectfonCalc wizard 

Delivers all 14 section properties of any CAD x-sectlon in one step. 
www.sectioncalc.com 

Exfcpnsometers 

Epsilon Technology Corp strain sensors for material testing 
www*eps1 lontech.com 


Wiklpedfa 
tensile strength 


htto://www.answers.com/tooic/tensile-strensrth i /l 7/2006 
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The tensile strength of a material Is the maximum amount of tensile stress that it can iv» «„kw» ^ . 

(In plain English, "tensile strength" measures the amount that somethina fe e ron* wir-t k~ ^ 
pulled apart before it breaks.) =>u»'etning je.s., rope, wire) can be drawn or 

There are three typical definitions of tensile strength: 

• Yield Strength - The siCSss a material can withstand without permanent deforms™ 
■ Ultimate Strength • The maximum stress a material can withstand. 

• Breaking Strength - The stress coordinate on the Stress-strain at the point of rupture. 

Concept 

Jevarious definitions of tensile strength are shown in the the following stress-strain graph for low-carbon 



U LL 

£ 

Stress ys« Strain curve typical of structural steel *P 

1. Ultimate Strength 

2. yjd^tJStreogih 

3. Rupture 

4. Strain hardening region 

5. Necking region. 

Steel has a very linear stress-strain relationship up to a sharply defined yMd_point, as shown in the figure. 
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^iSTh 86 * ^ ^ ,S , ySe i d Stre " 8th alt defon "ation is recoverable, and the material will relax into its 

After the yield point, steel and many other ductile metals wj u undergo a Deriod of strain har/torrfn. i„ ^ u 
the stress increases again with increasing strain up m ate frength if the SSSlSd^^ 

this point, the stress^rain curve will be parallel to that portion of the cSve beTwe^ ^ thTori^n Lnd ^ 

increasing strain on the stress-strain curve. After a period of necking, the mauriafwU mp ure and the 
stored elastic energy is released as noise and heat. The stress on the materia a? t^tL™ 0 ' uptu?e 
known as the breaking stress. Note that If the graph is plotted in terms of ™e stress a™ true slZfn neckin* 
wll not be observed on the curve as true stress is corrected for the decrease in S 2 

is also not observed for materials loaded In compression. wo«.5«Tion«i area. NecKlng 

Ductile metals other than steel typically do not have a well defined yield point. For these materials the viein 
strength ,s typically defined by the "0.2* offset strain". The yield strength at 0.2% offSus^eterSrned by 
finding the intersection of the stress-strain curve with a line parallel to the initial slope of the curve and 



Stress vs. Strain curve typical of aluminum tP 

1. Ultimate Strength 

2. Yi eld Strength 

3. Proportional Limit Stress 

4. Rupture 
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5. Offset Strain (typically 0.002). 

Bd£il£ materials such as concrete and carbon fiber do not have a yield point, and do not strain-harden which 
means that the ultimate strength and breaking strength are the same. A stress-strain curve for a typical 
brittle material is shown in the figure below. 


a 



Stress 'vs. Strain curve typical of a brittle material *P 

1. Ultimate Strength 

2. Rupture, 

Tensile strength is measured in units of force per unit area . In the S I system , the units are uewtQDS per 
Square metre (N/m*) or pascals (Pa), with prefixes as appropriate. The non-metric units are pjaunds-fojxe 
per square Inc h (lbf/in z or PSI), 

The breaking strength of a rope is specified in units of force, such as n e_wtons , without specifying the cross- 
sectional area of che rope. This is often loosely called tensile strength, but this not a strictly correct use of 
the term. 


In brittle materials such as rock, concrete, cast Iron, or soil, tensile strength is negligible compared to the 
compressive strength and it is assumed zero for most engineering applications. Glass fibers have very high 
tensile strength, but bulk glass usually does not. 

Tensile strength can be measured for liquids as well as solids. For example, when a t£&st draws water from its 
roots to its upper leaves by transpiration, the column of water is pulled upwards from the top by capillary 
action, and this force is transmitted down the column by its tensile strength. Air pressure from below also 
plays a small part in a tree's ability to draw up water, but this alone would only be sufficient to push the 
column of water to a height of about ten metres, and trees can grow much higher than that. (See also 
fiayitation, which can be thought of as the consequence of water being "pulled too hard",) 

Typical tensile strengths 
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Some typical tensile strengths of some materials: 


■VWlMfl l<U 

Yield strength 
(MPa) 

Ultimate strength 
(MRa) 

Density 
(g/cm 3 ) 

Structural steel ASTM-A36 

250 

400 


Steel, high strength alloy ASTM A-514 

690 

760 


Steel, high tensile 

1650 

1860 


Piano wire 


2000 


Polypropylene 

12-43 

19.7-80 


Stainless stf>gl AISI 302 - Cold -rolled 

520 

860 


Cast.irpn 4.5* C, ASTM A~48 

- 

170 


mwum Alloy (6% AU 4% V) 

830 

900 

4.51 

Aluminum Alloy 2014-T6 

400 

455 

2.7 

Copper. 99.956 Cu 

70 

220 

8.92 

c^jpioaldiel 10% Ni, 1.6* Fe, 1% Mn, balance Cu 

130 

350 

8.94 

Brass 


250 


Glass (St Gobafn "R") 

4400 (3600 In composite) 


2,53 

Marble 

- 

15 


Concrete 

- 

3 


SDfder sILk 

1150 (??) 

1200 


Silkworm silk 




Kevlar 

3620 


1.44 

Vectran 


2850-3340 


fto.fi Wood (parallel to grain) 


40 


Bone (limb) 


130 


Nylon, type 6/6 

45 

75 


Rubber 


15 


Boxoa 

3100 


2,46 

Silicon carbide (SiC) 

3440 



SaRRblT-fi (Al 2 0 3 ) 

1900 


3.9-4.1 


Single-walled carbon nanotubes have the highest tensile strength of any material yet measured, with the 
highest single measurement of a nanotube being 63 GPa (63000 MPa). As of 2004, however, no macroscopic 
object constructed using a nanotube-based material has had a tensile strength remotely approaching this 
figure, or substantially exceeding that of high -strength materials like Kevlar , 


Sources 

• Gfancoli, Douglas. Phvsicsibr Scientists ft Engineers Third Erfojoj) upper Saddle River: Prentice Hall, 
2000. 

• Kohler, T. and F. Votlrath. 1995. Thread biomechanics in the two orb-weaving spiders Araneus 
dladematus (Araneae, Araneidae) and Uioboris watckenaerius (Araneae, Uloboridae). Journal of 
Experimental Zoology 271:1-17. 
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t Vertical strength 

• Toughness 

■ Reformation 
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Pdictionary.net 




What does ductility mean? 
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we found 1 entry for the meaning of ductility 


Merriam Web s ter's 

Collegiate Dictionary book Now at 30% off, associate 


EojLEng lish Users 

Vietnamese Talking Dictionary for English users. On sale! 
powerdlctionary.com 

Ductility \Duc*tMTty\, n. [Cf. F. ductllitfe],] 

1. The property of a metal which allows It to be drawn into wires or filaments, 

2, Tractableness; pljableness. -South. 

Source: Webster's Revised Unabridged Dictionary (1913) 
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jsp dictionary, net I***. 


What does rigidity mean' , _ , . „ 


Free P* s ttt op Plfffi^n^y 

Reference & Spell-check at the tip of your fingers! No 
spyware * 

www .stanvarexOfTi 
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Rigidity \RI*gidTtyV n. [L rlglditas: cf. F. rigidjtre]. See Rioid .] 

1 . The quality or state of being rigid; want of pliability; the quality of resistina chanoe of fa™. »h- 

2. Stiffness of appearance or manner; want of ease or elegance. -Sir H. Wotton. 

3. Severity; rigor. [Obs. orRj 
-Bp. Burnet. 

Syn: Stiffness; riojdne$s; inflexibility. 

Source; Webster's Revised Unabridged Dictionary (1913) 
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